Background: Inflammation may trigger migraine development through neurovascular reactions in the brain. Most of the migraine patients, particularly the younger ones, do not have any risk factors for this disease. Hence, we assessed whether chronic osteomyelitis (COM), a chronic inflammatory disease, increases the risk of migraine.
Pain Physician: March/April 2018; 21:E149-1E56 E150 www.painphysicianjournal.com sinus tracts (27) . In our prior studies, we found that COM, a well-known chronic inflammatory disease, was associated with the risk of some cardiovascular diseases, such as ischemic stroke (28) , hemorrhagic stroke (29) , CAD (30) , and atrial fibrillation (31) , as well as a lot of neuropsychological disorders, e.g., dementia (32) , depression (33) , and epilepsy (34) . Although COM is a rare disease, it is interesting to us to explore the correlation between COM and other diseases and to further imply the necessary disease prevention in the COM patients. To our knowledge, rare studies have investigated the association between COM and the development of migraine. In the present retrospective cohort study, we used the data of enrollees from the National Health Insurance (NHI) claims database available in Taiwan to determine the association between COM and the risk of migraine in a cohort of one million enrollees for a 12-year period from January 1, 2000 to December 31, 2011.
Methods

Data Source
This retrospective cohort study used the beneficiary list of Longitudinal Health Insurance Database (LHID), with one million enrollees extracted from the National Health Insurance (NHI) Research Database (NHIRD) in the period of 2000-2011 (28) (29) (30) (31) (32) (33) (34) . The Taiwan NHI program was set up in 1995, and it covers more than 98% of the total 23 million Taiwanese people. Patient identification numbers in the NHI were scrambled before data collection. Therefore, informed consent from the patients included in the study was not necessary. The present study was approved by the Research Ethics Committee at China Medical University (CMUH104-REC2-115). The diseases evaluated in the present study were coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Study Patients
From the LHID claims database, we used the data of enrollees who were newly diagnosed with COM (ICD-9-CM code 730.1) from January 1, 2000 to December 31, 2009, but had no medical history of migraine before their diagnoses of COM. Only those who had the COM diagnoses for at least 3 times during the study period (2000-2011) were thought to have COM. The dates of their first diagnosis of COM were defined as the entry dates. Finally, 2,012 patients with COM formed the study group. The control group comprised randomly M igraine is one of the most common disorders of the nervous system and might cause different levels of disability (1) (2) (3) (4) . The early detection of risk factors is critical for preventing migraine and thereby reducing migrainerelated socioeconomic burdens and public health issues (1) (2) (3) (4) . Migraine could be caused by certain mechanisms through immune responses (5-8), inflammatory processes (5, 6, 8) , or neurovascular reactions (5-7) that inflict visual sensitivity and cause vasogenic pain characteristics of migraine. Similarly, the risk of migraine might increase with certain traditional neurovascular risk factors, such as hypertension (9) (10) (11) (12) , diabetes (9) (10) (11) (12) , hyperlipidemia (9, 10, 12) , stroke (4, (9) (10) (11) 13) , and coronary artery disease (CAD) (14) (15) (16) , as well as some neuropsychological factors, such as depression (3, 4, 6, (10) (11) (12) (13) , anxiety (3, 4, 6, 12, 13) , sleep disorder (4,6,11-13), bipolar disorder (15, 16) , and epilepsy (14) (15) (16) . The prevalence of migraine ranges from 10-25% (1) (2) (3) (17) (18) (19) , and despite several efforts, no clear etiology can be determined for most patients with migraine (4, 17, 18) . Therefore, further meticulous research is required to explore the risk factors for migraine in addition to the well-manifested ones such as hypertension (9) (10) (11) (12) , diabetes (9) (10) (11) (12) , hyperlipidemia (9, 10, 12) , stroke (4,9-11,13), CAD (14-16), depression (3,4,6,10-13), anxiety (3, 4, 6, 12, 13) , sleep disorder (4,6,11-13), bipolar disorder (15, 16) , and epilepsy (14) (15) (16) .
Through the neurovascular effects of chronic inflammatory processes on the brain, migraine has been reported in certain infectious diseases, such as Helicobacter pylori (HP) (20, 21) and human immunodeficiency virus (HIV) infections (22, 23) , and certain autoimmune disorders, such as multiple sclerosis (MS) (24, 25) and systemic lupus erythematosus (SLE) (25, 26) . The pathogenic effect of chronic inflammation on the brain is considered as an evidenced mechanism in the pathogenesis of migraine (5, 6, 8) . Nevertheless, the extent to which these diseases delineate the contributions of chronic inflammations in developing migraine through possible inflammation-related neurovascular effects on the brain, in addition to the conventional risk factors, such as hypertension, diabetes, hyperlipidemia, stroke, depression, anxiety, and sleep disorder, remains unclear.
Chronic osteomyelitis (COM), a disorder characterized by severe chronic inflammation due to bone infection, may persist for weeks, months, or even years. COM may continue to exhibit pathogenic features with strong inflammatory activity at the infection sites because of the generation of abscesses, bone debris, and selected age-and gender-matched individuals without COM and migraine, with corresponding entry dates 4 times the size (1:4) of the study group (n = 8,048) from the NHIRD.
Outcome and Relevant Variables
The study end-point was the diagnosis of migraine (ICD-9-CM codes 346.xx) during the study period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . In order to make the diagnoses of migraine as correct as possible, only those who had the migraine diagnoses for at least 3 times during the study period were considered to be the migraine patients in this study. The relevant variables for migraine were age, gender, and comorbidities, including hypertension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM code 250), hyperlipdiemia (ICD-9-CM code 272), stroke (ICD-9-CM codes 430-438), depression (ICD-9-CM codes 296.2, 296.3, 296.82, 300.4, 390, 390.1, 309.28, and 311), anxiety (ICD-9-CM codes 300.0-300.3, 308.3, and 309.81), sleep disorder (ICD-9-CM codes 307.4 and 780.5), bipolar disorder (ICD-9-CM code 345), CAD (ICD-9-CM codes 410-414), and epilepsy (ICD-9-CM codes 296.4-296.8).
Statistical Analysis
The chi-square test and t-test were used to determine the differences among discrete and continuous variables between the COM and control groups. Personyears were computed from the entry dates to the first date of migraine onset, withdrawal from the insurance program, death, or the end of 2011. The gender-and age-specific incidence rates (per 1,000 person-years) of migraine were estimated between the COM and control groups. A Cox proportional regression model was used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for determining the risk of migraine in both the groups. The correlation of demographic factors and comorbidities with the risk of migraine was compared between the COM and control groups. The HRs for migraine were stratified by age, gender, and comorbidities in both of the groups. The association between migraine and migraine-associated risk factors in 2 groups was assessed. To estimate the association between the severity of COM and the risk of migraine, the severity of COM was stratified as whether the patients with COM required outpatient treatment alone or hospitalization. The migraine-free rates were plotted using the KaplanMeier model, and the differences between both of the groups were analyzed with the log-rank test. All statistical analyses were performed using SAS Version 9.3 (SAS Institute, Inc., Cary, NC), and R software (R Foundation for Statistical Computing, Vienna, Austria) was used to plot the Kaplan-Meier curves. A 2-tailed P-value of < 0.05 was considered significant.
Results
The risk of COM was higher in men than in women (62.7% vs. 37.3%) ( Table 1 ). The prevalence of the relevant comorbidities was higher in the COM group than in the control group (P < 0.0001), except anxiety and bipolar disorder ( Table 1 ). The overall incidence rate of migraine was 3.19 and 1.67 per 1,000 person-years in the COM and control groups, respectively ( Table  2) . After adjusting for age, gender, and the relevant comorbidities with Cox proportional regression model, the risk of migraine was 1.74-fold significantly higher in the COM group (95% CI 1.14-2.65) compared to the control group. The COM patients had a higher migraine incidence than the comparisons in both genders. However, only female COM patients had a significant migraine risk than their counterparts (aHR 1.85, 95% www.painphysicianjournal.com CI 1.05-3.24). The age-specific incidence of migraine was decreased with aging in both groups. However, the COM patients in the younger age groups had a greater risk of migraine (aHR 2.07, 95% CI 0.97-4.46 for age < 40 years and aHR 2.11, 95% CI 0.97-4.57 for age 40-54 years, respectively) comparative with their counterparts. In the Kaplan-Meier assessment, the risk of migraine increased during the follow-up period in both groups. Nevertheless, the migraine-free rate was significantly higher in the control group than in the COM group (log-rank P = 0.02) (Fig. 1) .
Either with or without relevant comorbidities for migraine, COM patients had a higher incidence for migraine than comparisons, and either with or without comorbidities, COM patients still had a significantly higher migraine risk (aHR 2.05, 95% CI 1.06-3.97 and aHR 1.74, 95% CI 1.02-2.96, respectively) than their counterparts (Table 2 ). In the analyses of comorbidity stratification, COM patients with sleep disorder were found to have a 3.85-folded risk for migraine than the controls (95% CI 1.75-8.46) (Table 3 ). However, the comparison patients with stroke and sleep disorder had higher risk for migraine (aHR 2.66, 95% CI 1.12-6.33 and aHR 2.58, 95% CI 1.48-4.51, respectively) ( Table  3) . In severity analyses, comparative with the controls, COM patients requiring outpatient treatment alone and requiring hospitalization exhibited a higher risk of migraine (patients with COM requiring outpatient treatment alone: aHR 1.73, 95% CI 1.03-2.89; patients with COM requiring hospitalization: aHR 1.76, 95% CI 0.96-3.20) (Table 4) .
discussion
In addition to the traditional risk factors for migraine, such as hypertension (9-12), diabetes (9-12), stroke (4,9-11,13), hyperlipidemia (9,10,12), CAD (14-16), depression (3,4,6,10-13), anxiety (3,4,6,12,13), sleep disorder (4,6,11-13), bipolar disorder (15, 16) , and epilepsy (14-16), previous studies have revealed that (24, 25) and SLE (25, 26) , could increase the risk of migraine. With an advantage of the availability of a large patient population extracted from the Taiwan NHIRD, we investigated whether patients with COM, a condition characterized by continuous, chronic, and severe inflammation, had higher risk of migraine. Subgroup analyses with relevant comorbidities for migraine were also arranged. Consistent with several prior investigations (35, 36) , the COM was predominantly noted in men, and most COM patients were aged ≥ 40 years (Table 1) . These findings demonstrated the data reliability of the COM population derived from the Taiwan NHIRD. The diagnosis of COM was associated with a higher risk of migraine (aHR 1.74, 95% CI 1.14-2.65) ( Table 2) . Although the COM group revealed a male predominance, COM increased the risk of migraine in both male and female patients ( Table 2) .
Age is one of the crucial risk factors for migraine (1, 2, (6) (7) (8) (9) 11, 12) . In both the COM and control groups, most of the migraine events occurred at age < 54 years (Table 2) , and the migraine incidence decreased gradually with the increase of age (from 3.85 per 1,000 person-years in patients aged < 40 years to 2.53 per 1,000 person-years in patients aged ≥ 55 years in the COM group) ( Table 2) . Nevertheless, the relative risk of migraine was higher among the relatively younger COM patients, especially among those in the middle age (aHRs of 2.07 and 2.11 in the patients aged < 40 and 40-54 years, respectively) ( Table 2 ). Because the incidence of the relevant comorbidities known to increase the risk of migraine was lower in the relatively younger patients, in these "relatively neat" younger patients, COM served as a more critical risk factor than in the relatively older patients, in whom the incidence of comorbidities was higher and thus might have played more crucial roles in the development of migraine (Tables 2 and 3) . Comparative with the control group, the migraine risk increased in COM patients requiring outpatient treatment alone and those requiring hospitalization, with aHR 1.73, 95% CI 1.03-2.89 and aHR 1.76, 95% CI 0.96-3.20, respectively (Table 4) . These findings strengthen the causality of COM in the development of migraine.
Comorbidities for Migraine
Several risk factors have been documented for migraine (1) (2) (3) (4) (5) (8) (9) (10) (11) (12) (13) . Among these, younger age (1-5,8,9,11-13), female gender (1-5,8-13), hypertension (9-12), diabetes (9-12), hyperlipidemia (9, 10, 12) , stroke (4,9-11,13), CAD (14-16), depression (3,4,6,10-13), anxiety (3,4,6,12,13), sleep disorder (4,6,11-13), bipolar disorder (15, 16) , and epilepsy (14-16) have been reported to exert varying effects. The risk of migraine increased to various levels in both the COM and control groups based on the presence of the various relevant comorbidities (Table 3) . COM patients without the relevant comorbidities exhibited a higher risk of migraine (aHR 2.05, 95% CI 1.06-3.97) than did their counterparts (Table 2 ). These findings suggest that COM is an independent predictor of migraine, particularly among female and middle-age patients (Table 2) . #aHR: mutually adjusted for gender, age, hypertension, diabetes, stroke, depression, hyperlipidemia, sleep disorder, coronary artery disease, and epilepsy. * P < 0.05, *** P < 0.001 COM= chronic osteomyelitis; aHR= adjusted hazard ratio; CI= confidence interval This population-based cohort study has certain strengths. First, data of the patients with COM and the age-and gender-matched controls were extracted from a large database of over 23 million enrollees of the Taiwan NHI program that covered more than 98% of the Taiwanese population. The insurance claims for reimbursement for medical management are strictly controlled and supervised by Taiwan NHI to forbid healthcare frauds. The disease diagnoses without the valid supports of clinical findings may be considered medical frauds by Taiwan NHI, with a penalty of 100-fold of the payment claimed by the treating hospital or physicians. The NHI monitoring system intensifies the credibility of the diagnoses recorded on the insurance claims. The demographic profiles revealing the female predominance and age distribution profiles in migraine are the same as those reported in previous researches (1) (2) (3) (4) (5) 8, 9, (11) (12) (13) . The disclosure of well-categorized risk factors for migraine, including hypertension (9-12), diabetes (9) (10) (11) (12) , hyperlipidemia (9, 10, 12) , stoke (4,9-11,13), CAD (14-16), depression (3,4,6,10-13), anxiety (3, 4, 6, 12, 13) , sleep disorder (4,6,11-13), bipolar disorder (15, 16) , and epilepsy (14) (15) (16) , in combination with the augmented incidence rates of migraine in both COM and control groups also reinforces the trustworthiness of the data used in this study. Second, the large sample size adequately facilitated the classification of the study cohort into subgroups for further statistical analyses and enabled us to determine the effects of COM on the development of migraine, particularly in the relatively younger patients, in whom the etiology of migraine may be less obvious. The length of followup showing time-and severity-dependent effects on the risk of migraine magnifies the contribution of COM as a risk factor for migraine. Finally, the increased incidence of comorbidities, such as hypertension, diabetes, hyperlipidemia, stroke, depression, and sleep disorder, which are well-known risk factors for migraine, among patients with COM indicates that the underlying chronic inflammation may also expose such patients to a higher risk of developing the comorbidities of migraine.
However, this study still has several limitations. First, we could not exclude the compound potentiality that other neurovascular risk factors, such as the medications used for COM, decreased physical activities, and altered immunity, might also increase the risk of migraine. Thus, except the risk factors of migraine determined in the present study, other underlying neurovascular factors might confound the migraine development besides COM. Second, in this study, we could not address all the potential variables and risk factors that might influence the incidence of migraine in the cohort. Third, since the data of personal habits that might affect health, e.g., smoking and alcohol consumption were not available in the Taiwan NHIRD; the effects of these health-affecting factors on migraine development among the COM group could not be determined. However, since COM augmented the risk of migraine in patients with both genders (Table  3 ) and the smoking rate among the adult women in Taiwan was extremely low (< 4.3%) (37) , it implies that smoking is less likely to be a confounding factor that considerably augments the risk of migraine among COM patients. The relatively higher risk of migraine in younger COM patients (especially those in the middle age) ( Table 2) , who exhibit potentially less cumulative cigarette and alcohol exposures than do the relatively older patients, also reveals that cigarette smoking and alcohol consumption play less critical roles in the development of migraine in patients with COM. Fourth, the present study findings revealed the increased risk of migraine in COM patients, in whom the prevalence of comorbidities was higher than in the controls (Table  1) . However, the present study demonstrated that, even without the risk factors for migraine, COM still imposed a higher risk of migraine. Although COM patients had higher risk for migraine, the causal relationship between COM and migraine remains to be elucidated. Further investigations are required to explore such crucial issue.
conclusion
The results of the present study revealed that COM is a risk factor for migraine. The relative contribution of COM as a risk factor for migraine was more remarkable in women and younger patients (especially in the middle age). Therefore, preventive evaluations must be meticulously conducted to determine the presence of risk factors for migraine in patients with COM, particularly female patients and those of younger age.
